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welli the smaller particles of sand, day and 
the like are carried mto the well. The re- 

25 moval of these particles from the formation 
enables other large particles to shift their 
positions. In some instances, these larger par- 
ticles are also carried into the well whereas 
in others the shifting of the larger particles 

30 removed the support for additional smaller 
particles so that they could migrate nmard 
the welL In this manner, the particles are 
sorted according to size which can result in 
the production of substantial quantities of 

35 sand and odier solids along wilii the well 
fiuids. Screens and gravel pads are some- 
times placed opposite these unconsolidated 
zones to filter the solids out of the fluids 
moving toward the well. These atering de- 

40 vices frequently become plugged following a 
comparatively short period of use owing to 
the continued shifting and sorting of the par- 
ticles. 

Various agents have been used to consoli- 
45 date the sand and other loose particles into 

lPnce4s.6d.] 



IV lujcu. a uraung nnia mto an mcompetent 
formation to bind together the loose particles 
near tiie well. It is another objett to prevent 
the transport of solids into the well by tlK 70 
fluids from the formation. A further object is 
to cement the formation particles togedier 
while retaining more than 10 per cent of the 
original peimeabilily. 

These, as well as other objects, are accom- 75 
plished by depositing a pliant synthetic poly- 
meric material on the particles in the for- 
mation whereby they are cemented together in 
a soft rubbery mass. 

Thus according to the present invention gO 
there is provided a method of treating a 
water-containing incompetent formation pene- 
trated by a well to prevent movement and 
sorting of panicles therein as fluid flows from 
the resulting permeable formation into said 85 
well comprising: injecting a sohition of a 
cemmting material into said formation, said 
sohition comprismg a hydrophilic solvent and 
a material which deposits a pliant synthetic 
polymeric solid on particles of said formation 90 
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Method of Treating Unconsolidated Well Formations^ 



We, Pan Amehigan Petrouedm Cor- 
poration, a Corporation organized under the 
laws of the State of Delaware, United States 
of America, of P.O. Box 591, Tulsa 2, 

5 Oklahoma, United States of America, do 
hereby declare the invention, for which we 
pray that a Patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to a method of treat- 
ing unconsolidated fcwmations penetrated by 
a well to prevent the movement and sorting 
of particles near the well. More specifically, 

15 we have found that particle movement can be 
prevented without a major decrease in the 
permeability of the formation when the par- 
ticles are bonded together with a pliant syn- 
thetic polymeric cementing materiaL 

20 Many oil and gas wells produce from iur 
competent or unconsoKdated formations. As 
fluids move from such formatioiK into the 
well, the smaller particles of sand, day and 
the like are carried into the well. The le- 

25 moval of these particles from the f<Hxiiation 
enables other l!u:ge particles to shift their 
positions. In some instances, these la^er par- 
ticles are also carried into the well whereas 
in others the shifting of liie larger particles 

30 removed the support for additiraial smaller 
particles so iliat they could nitrate toward 
the well. In this manner, the particles are 
sorted according to size which can result in 
the production of substantial quantities of 

35 sand and other solids along with the well 
fluids. Screens and gravel packs are some- 
times placed opposite these unconsolidated 
zones to filter the solids out of the flm'ds 
moving toward the well. These filtering de- 

40 vices frequently become plugged following a 
comparatively short period of use owing to 
the continued shifting and sorting of the par- 
ticles. 

Various agents have been used to consoli- 
45 date the sand and other loose particles into 
[Price 4s. 6d.] 
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a rigid mass to prevent this movement. A 
common means used to evaluate these con- 
solidating agents is on the basis of liie com- 
pressive strength of the consolidated mass. 
This philosophy possibly was adopted on the 
premises that the treated formation should 
resemble a permeable naturally consolidated 
formation. Unfortunately, the materials which 
have been used to accMnplish this aim fre- 
quendy produce a major loss in the perme- 55 
ability of the formation, i.e., the permeability 
of the formation frequently is decreased more 
than 90 percent when sufficient consolidating 
material is used to develop the desired com- 
pressive strength. Attempts to increase the 60 
permeability by flushing a greater portion of 
the consolidating agent from the pores to de- 
velop larger flow channels usually resulted 
in a poor consolidated mass offering little or 
no improvement in sand controL 65 

Accordingly, it is an object of our invention 
to inject a treating fluid into an incompetent 
formation to bind together the loose particles 
near the weU. It is another object to prevent 
the transport of solids into llie well by the 70 
fluids from the formation. A further objea is 
to cement the formation particles together 
while retaining more than 10 per cent of the 
original permeability. 

These, as well as other objects, are accom- 75 
plished by depositing a pliant syntihetic poly- 
meric material on the particles in the for- 
mation whereby they are cemented together in 
a soft rubbery mass. 

Thus according to the present invention 80 
there is provided a method of treating a 
water-containing incompetent formation pene- 
trated by a well to prevent movement and 
sorting of particles therem as fluid flows from 
the resulting permeable formation into said 85 
well comprisnig; injecting a solution of a 
cementing material into saod formation, said 
solution comprising a ]rjrdr(^liiUc solvent and 
a material which dq)08tts a pliant syndietic 
polymeric sdid on particles of said fonnatian 90 
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-;:—r:-;^non mixes with water in. said 60^erceat by weight, preferably about 50 
formation,- flushing said formation wij a P^«^^- „f cementing mat^ial which 
fluid to displace a pornon of sa^d solunon k practicing our invention is a 
from tbe interstices between the sofld par^c^es ^'^^^^J^'^ ^j^^ "^Bdc compound in s. 
in, said formation near rLSsd^^^ S^r-soklk Lvent. A particularly suitable 
taming said flush flmd in the interstices oi solution of high impacr poly- 
said formation while, said Pl?f ^ syntetic ^^f.^^J^^J'Zd lc^i etJ^ 
polymeric soUd depositi on said pamc^. ^^'^^^'"^i^f ygfa fepact polystyrenes are 
The cementing material is one whidd is j^^^J^^ ^ ^ more odier 
activated or caused to deposit by wa^ m "^P^^" JhiTJroduce a pliant plastic, 
tbe formatioo, producing a .P^^^^JJ?*^! HEt^Srco^olymer confining up l» 
polymeric material which is t^^'>^}>\y'.X t PJ^IJ i s-butadiene is soluble in water- 
mation fluids. The cemenong matcnal is m- If, P^^?lf'^ ^ containing from 
^ed into the fomiation as, a soluaon ma ^^l^l^S^^^^ent to Sou? 30 ^ of a 
15 hydrophiUc solvent which is miscible with nd^xrew in the water-soluble 
bodi water and the oi^amc petroleum i^sidu^ SaeTfa? be S- however, we prefer to 
near the well When the P^des^ are ^mes^an be us ^^^^^^ ^^^^ 

cemented ^og^^J.^f ,f P^^^^^^^^^^^^^ S^tone or ^methyl etiiyl ketone can be used 

formation can y^eld a ^hpt amomit as n polystyrene, a mixture 

^ S^SnSid^fSi^SSsSS-vSS S^i^idmately equal volum. of each is 

a rigid material such as a Ph««^f^^J!^ ^^S^ater-soluble ketones such as acetone . 

not yield without fracmrmg, toreby releasing ^^^^^^^^^ j^^one are especially, suit- 

^^4^e found two types of ^^^t^fS^ a^-^^-oil^S 
naaterials which are suitable for f oSon as weU as for cement- 
invention One of these ^^^^f^^^"^^ W matt^ais which we have found to be 
reacts chemically with water P'°«t^c^ . ^ ^ JJL xhus, the particles of the for- 
continuous, pHant or elastic coaong on tijc ^^J^^/^^^^^^t 4 cementing material, 
30 sand. An example of this type of oompo^d ^Aer AerK^wet or water-wet. Addi- 95 

?XsoS= i-s £ -^t^o^acSe^^ol^; . 

=e^e^^°aSeS^°co£efrtw^ eSr^deposition of the cementing mat- 

35 more isocyanate groups P'°<iuce a taiat, enai. ^_ ^qq 

Further reaction of addiponal iso<^e ^^^^Sf ^zo^ to be treated is isolated 

groups produces the polymeric elastic matenal. ™^ j ^ jf, for example, 

^e^arUatic poly^oc^ates m^^^^^^ S^^oSilti^oSi^^ perforations in the weU. - 

bined with any of several ahphatic poiy me i be treated, packers may be set 

40 hydroxy compounds which are toown to i^aa casmg « to he «ea«0^ perforation/ witii a ip5 

with them in the P^sence of water to p-o- ^ surface from the 

duce a rubbery polymer. Sm^Me pd^ydroxy ^^^B ^^^^^.e packers. Aqueous fluids in 

compomids are glycenne ethy ene glycol^ tte w^U^etween L packers as weU as any • 

polyalkyleneetiier glycols such as jo y ""^ J^'^^.V ^^gj ^he mbing should 

45 p4yl«ieether glycol, and fatty acid mgl^- ^i''^™^^^''^^^ the cementing material 110 ' 

Lid^ such as castor oil Also oth^^mauc "^^^^ premamre de|,sitipn of 

polyisocyanate compoun^ may be used as « J^^^^ ^ J ^e accomplished by 

^4ht in the ar&le by Temple C. Patton m ^^^UZ.^Jol a petiolemn-Kquid 

Paint ^ Industry ^^Tcrlde oil, kerosene, of tie like, down 

50 and m tiie tei^ ^ ^^^^^/x^^Sric tiie tubing ahead of the cementing material 

Polyt^etkanes. -RtMA, 1957- An israienc ^^.^ t^^kujn Kq^id into the racom- 

mixture contaming 80 P™t tohi^-^ 4- to j:^ ^ ^ cementing • : 

dusocyanate and 20 Pf«« totaen^, 6^ SSalXdent to consolidate the formalio,^ . : 

isocyanate is particularly suitable. The rrauB ^T^gtmct between one and two feet sur- 

55 produced from these c^ounds^taom J^^^^^^ JXation is preferable. Since 120. 

as polyurethanes. tatio polj^^ Srceilenting material coats die formation 

cyanate to die poly^oxy c^^^ p^cS^ witiiout filling the interstices between 

provide an excess of the iP^anate ^°»P* y articles a volume of cementing material 

over the hydroxyl groups The Pofyureltone- ^^P^^^^^^^^ ^^^If the poreTolume of 

60 forming mimre is ^Pl^J^ » ^ S^lo^aSn to be consolidated fe usu^y 125 

SSa^aSn^^dmeth^SS'f^^ SLin^^SaT^^ a ^ " 

Sr^Xl^brT^rSn^rS of t^ sand body wl^ ^C 
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center of the ^here at die perforation when 
the solution is displaced twoug^ a perfor- 
ation. From about one to about five gallons 
of the cementing material may be injeaed into 

5 each perforation in a recentiy perforated in- 
terval where there has been fittle opportu- 
nity for movement of the formation par- 
ticles. As much as one barrel of cementing 
solution may be used for each, perforatirai 

10 where there has been considerable movement 
as evidenced by the presence of sand ia the 
produced fluids. The cementing^ material is 
displaced down the tubing and into the for- 
mation with a non-aqueous fluid such as kero- 

15 sene. Upon reaching the formation, the kero- 
sene provides an overflush to remove the 
cementing solution from the interstices of the 
formation, leaving a thin layer coating the 
particles before there has been a substantial 

20 deposition of the cement from the solution. 
Owing to the hydrophilic property of the 
cementing solution, the water in the formation 
will be absorbed in the solution and produce 
precipitation of the cement. In the case of 

25 a cementiDg material sack as the polyiso- 
cjraiiates, reaction occurs between scane of the 
vrater in the formation and the injected poly- 



isocyanate to produce tiic elastic, rubbery 
binder which coats and binds the particles. 
Similarly, the solution of high impact poly- 30 
stytene in water-soluble ketones absorbs the 
water in the formation. The resulting dilu- 
tion of ketone solvent causes precipitation of 
the polymer onto the solid surfaces. The well 
should be closed in with lie kerosene in the 35 
interstices for approximately 24 hours to 
allow the precipitation of die cement on the 
surfaces of the formation particles. When the 
well is returned to production, the residual 
cementing solution, diluted solvent, and the 40 
like vrill return to the well in advance of 
the reservoir fluids. 

A series of laboratory tests were made to 
compare the method of our invention with 
those of the prior art. In these tests, a Hassler 45 
tube vfas packed vrith loose sand taken from 
an dO-bearing formation and the pore volume 

the resultiBg cell determined. The cell was 
first saturated with brine, then flushed vwth 
oil to the irreducible ttiinitrmm brine satur- 50 
atuML The sand pack was dien treated with 
one of the consolidating agents. The results 
of these tests are sunmiarisxd in Table 1. 
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which is caused to solidify and cement the 
sand grains by the water in the formation 
rather than an extraneous fluid. Additionally, 
the bonding agent should be one which is 

5 pliant or elastic so that the consolidated for- 
mation can be deformed williout rupturing. 
Other pliant cementing materials such as cellu- 
lose nitrate and cellulose acetate which are 
soluble in the water-soluble ketones may be 

10 used in practicing our invention. Some of 
the Nylon or polyamide resins have sufficient 
flexibility and suitable solvent properties for 
use in consolidating formations. For example, 
polyhexamethylene adipamide modified by 

15 reaction with formaldehyde can be dissolved 
in 80% aqueous ethanol and used according to 
our invention. An alcohol-soluble polyamide 
suitable for this process is available com- 
mercially as Zytel 61. 

20 Our invention has been described as it may 
be practiced using a string of tubing in the 
wdl. Anodier method which has been found 
to reduce the time and expense of the treat- 
ment invcdves the use of a wire line damp 

25 bailer, the bailer suspended at the Tpio- 
per level in the well, packers arc set to iso- 
late the perforations to be treated. There- 
after, the sohition of cementing pateiial fol- 
lowed by die Ofverfiush liquid is displaced from 

30 the bailer into the formation. Wire line dump 
bailer services suitable for diis method of 
treating the formation are commercial^ avail- 
able. This method may be used either to 
workover an old well or in completing a new 

35 well. In the latter instance, the cementing 
material can be injected into the formation 
immediately after the casing is perforated be- 
fore there has been an opportunity for tiie 
formation particles to move. 

40 WHAT WE CLAIM IS: — 

1. A method of treating a water-containing 
incompetent formation penetrated by a well 
to prevent movement and SMting of particles 
therein as fluid flows from the resulting per- 

45 meable formation into said well comprising: 
injecting a solution of a cementing material 
into said formation, said solution comprismg 
a hydrophilic solvent and a material wtddb. 
deposits a pliant synthetic polymeric solid on 

50 particles of said formation when said solu- 
tion mixes with water in said formation, flush- 
ing said formaticm with a fluid to displace 
a portion of said solution from the interstices 



between the solid particles in said foimaticHi 
near said well and maintaining said flu^ fluid 55 
in the interstices of said formation while said 
pliant synthetic polymeric sdid deposits on 
said particles. 

2. The method of claim 1 wherein said 
cementing solution comprises a mixture of 60 
compounds which react in the presence of 
water to produce a pliant cementing material, 
said mixture being in solution with a solvent 

for both water and petroleum residues. 

3. The me^od of claim 2 wherein said 65 
cementing solution consists of polyurethane- 
fonning monomers in a solution containing 
acetcme and/or methyl ethyl ketone, the con- 
centration of said monomers in said ketone 
being between about 40 percent and about 60 70 
percent by weight. 

4. The method of calim 1 wherein said 
cementing solution comprises a solvent for 
both water and petroton residues, and a 
cementmg material which deposits on the 75 
particles of said formation as a pUant syn- 
thetic polymeric sdid upon the dilution of 
said solvent with water. 

5. The mefliod of daim 4 nrfiercm said 
sohition omsists of from 10 percent to 30 80 
percent by wcig^it of high impact polystyrene 

m a solvent containing acetone and/or me±yl 
elhyl ketone. 

6. The method of daim 5 wherein said 
solution contains approximately equal volumes 85 
<rf acetone and methyl ethyl ketone. 

7. The method of claim 4 wherem said 
solution consists of from 10 percent to 20 
percent by weight of a flexible polyamide 
resin in ethanol conteining approximately 20 90 
percent by weight of water. 

8. The method of claim 1 including the 
step of injecting a petroleum liquid into said 
incompetent formation in advance of said solu- 
tion of cementing material. 95 

9. The method of clahn 1 wherein said 
solution is injected into said formation 
through perforated well casing opposite said 
formation. 

10. A method of treating a water-contain- 100 
ing incompetent formation substantially as 
h^ein described. 

STEVENS, LANGNER, PARRY & 
ROLUNSON, 
C3iartered Patent Agents, 
Agents for the Applicants. 
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